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Abstract. Both isokinetic testing and functional tests are commonly used to evaluate patients following reconstruction of the
anterior cruciate ligament (ACLR). To determine the relationship of scores on an isokinetic test to scores on a variety of lower
extremity functional tests ten healthy subjects and eleven ACLR patients at least six months after surgery performed knee
isokinetic test at 60 and 180 deg/sec and three functional tests: leg vertical jump, single hop, and triple cross-over hop for distance.
Correlation coefficients of isokinetic peak torque to body weight and functional testing were not significant at the P < 0.05 level
in patients or control subjects, whi1e ratio of involved to uninvolved knee quadriceps isokinetics peak torque and Limb Symmetry
Index (LSI) of functional test were significant at the P < 0.05 level (r = 0.54 to 0.97). These results indicate a significant
relationship between the LSI of various functional tests and side-to-side ratio of isokinetic testing just in ACLR patients.
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1. Introduction
The anterior cruciate ligament (ACL) is one of the
most commonly injured knee ligaments [9,15]. Dis-
ruption of this ligament may lead to an unstable joint
with functional impairment [9]. To return successfully
to the same activity level after injury, early surgical
stabilization is often recommended. One of the most
commonly used reconstruction procedures is the arthro-
scopic patellar tendon autograft, utilizing the central
one third of the patella tendon to reconstruct the ACL.
Traditional evaluation following anterior cruciate
ligament reconstruction has focused on physical char-
acteristics and measurement of knee stability such as
strength, laxity and range of motion. Despite the surgi-
cal achievement of ligamentous stability, some patients
still experience permanent weakness of the thigh mus-
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cle, functional deficits, and a decline in sports activ-
ity after ACL reconstruction with patellar tendon auto-
graft [20,28,34,41].
Open kinetic chain evaluation has been used as the
primary tool to assess patient strength, readiness to pro-
ceed to a higher functional level, and return to sports.
Reliance on such criteria has been refuted based on
the lack of a strong relationship between the result
of these measurements and the patient’s perception of
knee function or readiness to return to sport. Closed ki-
netic chain activities have been developed for patients
as an alternative to evaluate strength and to determine
suitability to progress to higher functional level [9,14,
15]. Hop test was designed to assess both strength and
confidence in the involved leg [16]. Various one-legged
tests have been established and validated [5,19,29] as
indicators for return to a functional level and patient’s
perception of knee function.
Although hop test score are sometimes believed
to reflect lower extremity muscular strength conflict-
ing views exist [3–7,12,19,26,29–33,35,36,38,39,43].
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Some authors indicated moderate correlation between
isokinetic torque and functional testing [4,19,30,39]
whereas others have reported minimal or no correla-
tion [3,12,26,38]. The discrepancies in results may be
derived from differences in methodology, subject pop-
ulations, testing methods, equipment, and pathologic
conditions.
New utilities in isokinetic dynamometry including
eccentric mode, gravity correction and dump setting
may help in identifying a better relationship between
the isokinetic strength of knee and performance on hop
tests. The purpose of this study was therefore to assess
the relationship of isokinetic strength of the quadriceps
and hamstring muscles to performance scores obtained
from three hop tests at least 6 months after ACL recon-
struction surgery.
2. Methods
2.1. Subjects
Eleven amateur level athletes (mean age = 30 ±
8 years, height 176 ± 7 cm and body weight =
83 ± 18 Kg) at least 6 months following unilateral
ACL-reconstruction (ACLR) surgery participated in the
study. They were all submitted to intra-articular recon-
struction of the anterior cruciate ligament with patellar
tendon graft (7L, 4R) by the same surgical team. All
patients were rehabilitated using a modified version of
the accelerated protocol described by Shelbourne [37]
(Table 1). All patients signed an informed consent. In-
dividuals with contralateral injury were excluded. Ten
age- and activity-matched healthy subject participated
in this study as control subjects.
2.2. Isokinetic muscle testing
Quadriceps and hamstrings muscle performance
were determined using a Biodex System 3 isokinetic
dynamometer. The dynamometer was calibrated prior
to the testing session according to procedures pre-
scribed by the manufacturer. Both the involved and
uninvolved knees were tested using stabilization with
the patient lying supine for quadriceps and prone for
hamstrings testing.
Concentric and eccentric peak torques were recorded
after gravity correction at 60◦/s (3 repetitions) and
180◦/s (5 repetitions). Warm-up consisted of stationary
bicycling with no resistance for five minutes.
Patients were instructed to perform five submaxi-
mal repetitions of knee flexion and extension at the
two test velocities in order to become familiar with the
testing apparatus. After one minute of rest, maximal
strength measurements were collected for both speeds,
with 1 min rest between velocities. The range of mo-
tion was 10◦ to 90◦ of knee flexion (0◦ was defined as
full extension).
2.3. Functional assessment
One legged single hop, triple cross-over hop for dis-
tance and vertical jump were performed using both the
involved and sound legs but with the normal leg first.
The distance hopped was measured in centimeter and
all tests were performed three times. The maximum of
the three values was accepted. Limb symmetry index
(LSI) that expresses the ratio of distance recorded from
the test of involved limb to the test of uninvolved limb as
a percentage (involved/uninvolved× 100 = LSI) was
calculated for indicating performance asymmetry [1,9,
15].
2.4. IKDC-subjective score
All patients filled in the International Knee Doc-
ument Committee Subjective Knee Evaluation Form
(IKDCSKEF) in order to record their self-assessment.
Maximum score was 100 [14].
2.5. Statistical analysis
For each test velocity the peak torque to body weight
ratio for concentric and eccentric muscle activity was
used in data analysis. Paired T-test was used to com-
pare the involved and ACLR knee. Pearson’s corre-
lation coefficients were used to examine the relation-
ships between the functional test score and isokinetic
torque (value of each limb and Limb Symmetry Index).
Statistical significance was set at p < 0.05.
3. Results
The IKDCSKEF score was significantly (p < 0.00)
lower in patients (78.5 ± 12.5) than in control sub-
jects (94.3 ± 8.9). Functional tests scores were also
lower significantly in involved than uninvolved knee
of ACLR subjects (P < 0.00). Limb Symmetry In-
dex (LSI) in the functional tests was lower in patient
than control subjects but a significant difference was
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Table 1
Accelerated rehabilitation program for ACL-reconstruction
Day 1 Rigid knee immobilizer in full extension for walking, weight bearing as tolerated
2–3 days Passive range of motion (ROM) 0 to 90 (emphasis on full extension)
2–4 days Discharge from hospital.
7–10 days ROM terminal extension, prone hangs if patient has not achieved full extension, wall slides, heel slide active-assisted flexion,
strengthening-knee,
2–3 weeks ROM (0 to 110), step-ups, leg press, quarter squats, stationary bicycling,
6–8 weeks ROM, strength evaluation, lateral shuffles, cariocas, light jogging, jumping rope, agility drills, weightroom activities, stationary
bicycling and swimming
10 weeks Full ROM; increased agility workouts, sport-specific activities
16 weeks Increased agility workouts
4–6 months Return to full sports participation
indicated only for the single hop LSI. Quadriceps peak
torque in the reconstructed knee was lower than the nor-
mal knee. Consequently, the hamstring to quadriceps
muscle strength ratios (H/Q ratios) was much higher
for the involved than the uninvolved leg (Table 2).
No significant correlation was revealed between the
functional test scores and IKDCSKEF score or isoki-
netic torques (both modes and both speeds) in patient
or control subjects. Simple and functional H/Q ratios
in both speeds were not significantly correlated with
functional test in patient or control subjects. The LSI
in the functional tests was significantly correlated with
the IKDCSKEF score in patients as well as with the
side-to-side ratio of the isokinetic quadriceps torque
which was measured at both velocities (Table 3). Such
relations were not found in control subjects.
4. Discussion
The results indicate that ACLR subjects produced
significantly more extensor torque with the uninvolved
knee than with the reconstructed knee. Several studies
have demonstrated that after injury and reconstruction
of the ACL bringing quadriceps back to normal strength
is difficult and often not achieved [2,10,17,18,20,28,
34].
Diminished quadriceps strength is not due to harvest-
ing of the patellar tendon [27], instead it is suggested
that lack of afferents from ACL to gamma loop is the
mechanism which underlying the reduction of volun-
tary activation of quadriceps often observed in patient
with ACLR [25,42]. There was however a negligible
deficit of hamstring strength and hence the H/Q ratio
was higher in the involved knee.
Since strength does not always correlate significantly
with physical performance, authors recommend utiliz-
ing both functional testing and isokinetic dynamome-
try. Functional tests in addition to muscular strength
also assess neuromuscular control, speed of muscle
contraction, lower extremity power, joint function and
joint range of motion [9,15].
We did not find any significant correlation between
functional testing scores and knee isokinetic torque to
body weight or IKDCSKEF score. Several studies
have assessed the relationship between results of isoki-
netic tests and functional tests [9,15,16]. Some au-
thors concluded that low correlations were evident be-
tween isokinetic testing and various functional tests [3,
7,12,26,29,31,38]. In contrast, several authors have
concluded that positive correlation between isokinetic
and functional test do exist [2,4–6,19,23,24,30,32,33,
35,36,39,40,43]. This study describes a moderate to
strong correlations between the quadriceps side-to-side
strength ratio and the LSI of functional tests with only a
trend between hamstring side-to side strength ratio and
function in ACLR patients. IKDCSKEF score also had
a significant relationship with quadriceps side-to-side
strength ratio.
Keays et al. reported similar relationship between
side-to-side ratio of concentric torque and LSI of func-
tional testing (r = 0.655 to 0.744 and P < 0.00) in 31
ACLR subjects [24]. They measured isokinetic torque
in lower velocity (60 and 120◦/Sec), sitting position
and concentric mod. Our results indicate higher cor-
relations between isokinetic torque and functional test
indices (up to r = 0.97). This could be due to the
test position, higher velocity (60 and 180◦/Sec), and
eccentric mode of contraction which seems to be more
similar to real functional states and also recommended
by others [8,14,23].
There was no significant correlation between Hecc/
Qconc ratio and functional testing scores in ACLR or
control subjects. Dvir et al. described this ratio for
the first time and referred it as a ‘dynamic control ra-
tio’ [13]. Gibson et al. found that despite the strength
losses which are particularly evident in quadriceps mus-
cle in chronic ACL deficient subjects the Hecc/Qcon
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Table 2
Mean values (standard deviation) of knee isokinetic torque/body weight ratio (Newton
meter/kilogram) and H/Q ratio of ACL-reconstructed patients (both in percent). P-
value of T-test for bilateral comparison are presented (Q= quadriceps, H= hamstring,
con = concentric and ecc = eccentric)
Variable Speed Reconstructed knee Normal knee T-test (P-value)
Qcon 60◦/s 188.4% (45.4%) 244.1% (45.2%) 0.01
180◦/s 150.5% (46.4%) 196.5% (45%) 0.02
Qecc 60◦/s 229.9% (71.7%) 303.1% (55.2%) 0.00
180◦/s 213.6% (74.4%) 292.5% (63.4%) 0.01
Hcon 60◦/s 108.3% (25%) 112.7% (24.9%) 0.4
180◦/s 89.1% (22%) 88.1% (25.7%) 0.86
Hecc 60◦/s 97.9% (33.9%) 103.7% (26.2%) 0.4
180◦/s 104.1% (27.6%) 97.8% (26.2%) 0.44
Hcon/Qcon 60◦/s 59.4% (15.7%) 46.7% (9.5%) 0.02
180◦/s 61.8% (16.6%) 45.7% (11.2%) 0.04
Hecc/Qecc 60◦/s 44.1% (14.1%) 34.4% (7.8%) 0.02
180◦/s 52.4% (18.3%) 33.9% (8.2%) 0.02
Hecc/Qcon 60◦/s 52.8% (16.6%) 42.6% (9.3%) 0.051
180◦/s 72.6% (23.2%) 50.8% (11.7%) 0.048
Hcon/Qecc 60◦/s 50.3% (16.2%) 37.7% (8.7%) 0.01
180◦/s 45% (15%) 30.5% (8.5%) 0.01
Table 3
Pearson correlation coefficient (significance level) between Limb Symmetry Index (LSI) of
three functional tests with IKDCSKEF score and side-to-side ratio of quadriceps isokinetic
torque (Q = quadriceps, con = concentric and ecc = eccentric)
LSI of LSI of LSI of
Vertical Jump Cross-over Hop Single Hop
IKDCSKEF Score Patient 0.70 (0.02) 0.78 (0.01) 0.60 (0.07)
Control −0.01 (0.97) 0.25 (0.48) 0.18 (0.61)
Side-to-side ratio of Patient 0.66 (0.03) 0.93 (0.00) 0.85 (0.00)
Qconc 60 deg/sec Control 0.52 (0.13) 0.53 (0.12) 0.21 (0.56)
Side-to-side ratio of Patient 0.72 (0.01) 0.76 (0.02) 0.54 (0.09)
Qecc 60 deg/sec Control −0.04 (0.92) 0.48 (0.16) −0.06 (0.86)
Side-to-side ratio of Patient 0.60 (0.049) 0.83 (0.01) 0.64 (0.03)
Qconc 180 deg/sec Control 0.75 (0.01) 0.28 (0.44) 0.14 (0.69)
Side-to-side ratio of Patient 0.72 (0.01) 0.97 (0.00) 0.59 (0.07)
Qecc 180 deg/sec Control 0.57 (0.09) 0.25 (0.49) 0.30 (0.40)
ratio was not changed [17]. They concluded from
the findings that muscular co-ordination strategies may
have been altered to maintain normal limb activity.
However there was no significant correlation between
Hecc/Qcon ratio and hop tests score or IKDCSKEF, so
the present results do not support Gibson’s hypothesis
in ACLR subjects. Hamstring/quadriceps ratio itself
is a rather crude parameter and the current isokinetic
criterion is the side-to-side strength ratio [13]. The re-
lationship between eccentric hamstring and concentric
quadriceps strength is important, but as Coombs and
Garbutt have argued “although the functional H/Q ra-
tios account for the role of the antagonist in knee joint
stabilization at specific joint angles, they do not account
for the hamstring-quadriceps relationship throughout
the entire ROM” [11]. It seems that analysis of the
functional H/Q ratios over the entire ROM and study of
the hamstring co-activation during knee extension by
EMG may help to address functional joint stability in
these patients.
Isokinetic testing should be used for testing lower ex-
tremity strength, while functional tests should be used
to determine performance levels. Good relation be-
tween LSI of functional testing and side-to-side ratio
of isokinetic dynamometry results show that each of
these tools may be used for assessing ACLR subjects.
However when an isokinetic dynamometer is not avail-
able LSI of functional tests can be used to evaluate
quadriceps strength deficiency.
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